The impact of rotavirus (RV) vaccination in reducing severe rotavirus gastroenteritis (RVGE) in outpatient settings was prospectively surveyed in three pediatric clinics in Shibata City. In children younger than 3 years of age, the occurrence of severe RVGE among all acute gastroenteritis (AGE) was found to be significantly lower in three seasons after introduction of RV vaccines, compared to that in 2011, before introduction of RV vaccines. The incidence rates of severe RVGE among children younger than 3 years of age were found to be reduced by 71.2%, 47.7%, and 81.1% for 2012, 2013, and 2014, respectively, compared to that in 2011. These results suggest that the RV vaccination is effective for the prevention of severe RVGE in Japanese voluntary RV vaccination settings with estimated coverage rates of 32.5%, 40.5% and 47.1% for 2012, 2013 and 2014, respectively. It is expected that the reducing effect on severe RVGE would be persistently established by increasing the vaccine coverage rates.
Introduction
Rotavirus (RV) infection is the most common cause of severe diarrhea worldwide [1] . Patients with rotavirus gastroenteritis (RVGE) may develop severe dehydration, which can be life-threatening if the body fluid imbalances are not appropriately corrected. Although fatal cases are rare in Japan, it has been reported that approximately 790,000 children younger than 6 years of age visit hospitals/clinics as outpatients due to RVGE [2] , and approximately 78,000 children younger than 5 years of age are hospitalized annually [3] .
Currently, two oral RV vaccines, Rotarix TM (GlaxoSmithKline Biologicals, Rixensart, Belgium) and RotaTeq TM (Merck & Co., Inc., Whitehouse Station, NJ, USA), for prevention of RVGE are approved in more than 100 countries and are incorporated into national immunization programs in more than 50 countries by April 2014 [4] . In some of the countries in which these RV vaccines have been introduced, the number of hospitalizations due to RVGE has dramatically decreased by the direct and indirect effects resulting from the vaccinations [4] - [6] . Since reviewing recent evidence on efficacy and safety of RV vaccines, the WHO has recommended to use RV vaccines in all national immunization programs [7] . In Japan, Rotarix TM and RotaTeq TM have been on the market since November 2011 and July 2012, respectively. Although RV vaccination had not been adopted into the national immunization program as of 2014, an estimation of 45% uptake with a wide range of variation throughout Japan was reported in 2013 [8] .
To assess the impact of the RV vaccination, an observational study design examining changes in disease burden overtime, including seasons before and after the introduction of RV vaccines, is commonly used [9] . Many of the studies reporting RV vaccine efficacy in the real world [4] - [6] , indicate the impact of RV vaccination based on the data from a national database or a large insurance database. In Japan, we do not have national statistics of RV-related diseases and it is difficult to show the nationwide vaccine impact. The number of infectious gastroenteritis cases including RVGE has been collected weekly from sentinel pediatric clinics since the years before vaccine introduction, but the actual number of RVGE cases cannot be specified. For RVGE hospitalizations, the number of patients started to be collected from sentinel hospitals just after introduction of vaccines.
This study was planned to prospectively assess the impact of RV vaccines in a small city in Japan. The pragmatic design to evaluate the vaccine impact in outpatient settings using the number of severe RVGE patients as an indicator was developed by referring to some hospital-based [10] - [12] and primary practice-based [13] impact studies conducted in other countries. We previously reported the early impact by comparing the 2011 and 2012 RVGE epidemic seasons [14] . Here we report the impact observed in three RV epidemic seasons after RV vaccine introduction in 2011.
Method
This prospective observational study was conducted at three primary-care pediatric clinics in Shibata City, Niigata Prefecture, Japan. Shibata City is a small city with a stable population of approximately 100,000 inhabitants, and around 770 babies are born each year. In the city there are three primary-care pediatric clinics and one hospital with a pediatric ward, the Niigata Prefectural Shibata Hospital (Shibata Hospital). The three pediatric clinics serve pediatric primary medicine for people living in Shibata City and surrounding areas. The Shibata Hospital is the central facility in Kaetsu medical area, one of the seven secondary medical areas in Niigata Prefecture. We assumed that almost all children living in Shibata City would visit one of the three pediatric clinics when they have an illness such as acute gastroenteritis (AGE) and would be presented to the Shibata Hospital when they need a hospitalization care.
Children younger than 5 years of age (or 3 years of age for 2011) who visited a study site from February 2011 to May 2014 due to AGE were included. We recorded date of visit, date of birth, sex, and living area of all AGE patients with their symptoms (presence or absence of diarrhea and vomiting) and whether they required intravenous rehydration to correct dehydration. AGE was defined as occurrence of gastroenteritis symptoms for less than 14 days. Patients who required intravenous rehydration were defined as having severe AGE and were tested for fecal RV antigen. Rapid fecal rotavirus tests were performed using ImmunoCard TM ST Rotavirus (Fujirebio Inc., Tokyo, Japan) after oral informed consent was obtained from the parents/guardians of the pediatric patients. Severe AGE patients with positive RV antigen test results were defined as having severe RVGE and detailed information regarding their symptoms was collected to calculate severity score using modified Vesikari's scale [14] [15] . Clinical research records of AGE patients who lived in Shibata City were analyzed. Comparison of occurrence and incidence of RVGE before and after RV vaccine introduction was performed for only patients younger than 3 years of age during each epidemic season, because we collected the information on AGE patients younger than 3 years of age and only for epidemic months in 2011, the season before RV vaccine introduction.
A Chi-square test was used to calculate the statistical significance of differences between distributions of categorical variables, and Student's t-test was used to compare means of numerical variables. The incidences and 95% confidence intervals of outpatient severe RVGE, severe GE, and all acute GE were calculated based on the numbers of patients who visited the three clinics during each observation period and the number of children under 3 years of age who lived in Shibata City. These incidences were compared between 2011 and the other years using Poisson regression analysis. Microsoft Excel version 14 was used for statistical analyses.
Genotyping of rotavirus was performed when a sufficient amount of sample was obtained from a patient. Analyses were performed using reverse transcription-polymerase chain reaction at Niigata Prefectural Institute of Public Health and Environmental Sciences. All RV vaccination records in the three pediatric clinics and the Shibata Hospital were also retrospectively collected, to estimate vaccine coverage rates. The number of patients with AGE and RVGE hospitalized in the Shibata Hospital from 2008 to 2014 was retrospectively collected for reference.
This Prior to conducting the study, the Ethical Review Committees of the Niigata Prefectural Shibata Hospital reviewed both ethical and scientific aspects of the study protocol (e.g., study design, population, time period, etc.) and approved the proposed study conduct.
Results

Number of Episodes Observed and Analyzed
In total, 3778 AGE episodes were observed in children younger than 5 years of age who lived in Shibata City at the three pediatric clinics during the study period, from February 14, 2011 to May 31, 2014. Of which, 2203 were observed during the epidemic months, from February to May. Of the total AGE episodes, 2589 occurred in children younger than 3 years of age during the extended period and 1473 during the epidemic months. The number of AGE episodes of each year is summarized in Table 1 . We analyzed 1473 AGE episodes in children younger than 3 years of age who visited a pediatric clinic during the epidemic months.
Yearly numbers analyzed are shown in Table 2 . Of 1473 AGE episodes, 147 (10.0%) were defined as severe AGE because intravenous rehydration was applied for them. Of 147 patients with severe AGE, 137 (93.2%) were tested for fecal RV antigen and 101 (73.7%) were confirmed as severe RVGE. For comparison of the occurrence and incidence of severe RVGE before and after RV vaccine introduction, we included 10 episodes of severe AGE not tested for fecal RV antigen in addition to 101 episodes of test-confirmed severe RVGE, to avoid overestimation of the vaccine impact. Monthly numbers of AGE, severe AGE, and severe RVGE are shown in Figure 1 . The peak month of severe RVGE was April in each year.
Changes in Occurrence of Severe RVGE
The occurrences of severe RVGE among severe AGE and all AGE, and severe AGE among all AGE are summarized in Table 3 . The occurrences of severe RVGE among all AGE and severe AGE among all AGE in 2012, Figure 1 . Monthly number of episodes of AGE, severe AGE, and severe RVGE (<3 years of age). Number of AGE (pale gray column), severe AGE (gray column) and severe RVGE (black column) episodes are indicated throughout the study periods. Severe RVGE episodes include only test confirmed episodes. Dotted squares indicate epidemic seasons. In 2011, the study was performed in only the epidemic months from February to May and the months from October to December. The peak month of severe RVGE was April in each year. 
Changes in Incidence of Severe RVGE
The incidence rates of severe RVGE were significantly reduced, by 71.2%, 47.7%, and 81.1% for 2012, 2013, and 2014, respectively, compared to that in 2011, the season before RV vaccine introduction ( Table 4) . Similar reductions were observed in the incidence rates of severe AGE. Reduction in the incidence rates of AGE were seen in 2012 (21.3%) and 2014 (27.4%), but not in 2013.
Profiles of Patients with Severe RVGE
The descriptions of children with severe RVGE are shown in Table 5 . The peak months of age were 12 to 23 Yearly variation was not detected in the mean severity score calculated using 11-point and 20-point Vesikari's scales [14] . There were 3 severe RVGE episodes observed in children who had received RV vaccine before the onsets: 1 in 2013 and 2 in 2014 ( Table 6 ). All 3 episodes were observed more than one year after vaccination.
Genotypes of Rotaviruses
Genotypes of rotaviruses in feces collected from the study site and Shibata Hospital are summarized in Table 7 .
The majority genotype was G3P [8] in 2011, G1P [8] and G9P [8] in 2012, G1P [8] in 2013, and G9P [8] in 2014. Epidemic viruses might change year by year.
Estimated Vaccine Coverage Rate
In Shibata City, voluntary RV vaccination started from the end of November 2011. Vaccination costs should have been paid by parents or guardians of infants. From the number of patients who were vaccinated with at least one dose of Rotarix TM or RotaTeq TM at the three pediatric clinics and the Shibata Hospital during the study period, vaccine coverage rate in the birth cohort was estimated as 32.5%, 40.5%, and 47.1% as of the end of May in 2012, 2013, and 2014.
Changes in RVGE Hospitalization
The number of children younger than 3 years of age who lived in Shibata City and hospitalized in the Shibata Hospital due to RVGE and AGE was retrospectively collected for reference of long-term trends. Figure 2 indicates numbers of hospitalizations due to RVGE and non-RV GE by year. The proportion of RVGE among AGE was 26.9% in the period after RV vaccine introduction (from January 2012 to May 2014), significantly lower (p = 0.018) compared with 44.7% in the period before (from January 2008 to December 2011). Although year-toyear variation was seen in numbers of hospitalizations due to RVGE and AGE, the proportion of RVGE among AGE reduced after RV vaccine introduction. Figure 2. Numbers of RVGE and non-RV GE hospitalizations (children younger than 3 years of age). Numbers of hospitalizations among children younger than 3 years of age who lived in Shibata City are indicated in dark gray column (due to RVGE) and pale gray column (due to non-RV GE) by year. The proportion of RVGE among AGE reduced after the introduction of RV vaccines compared with the years before. All patients hospitalized due to AGE had RV tests to determine the cause of AGE.
Discussion
Consistent reduction in the occurrence and incidence rates of severe RVGE in children less than 3 years of age observed in three seasons after RV vaccine introduction may be explained by the vaccine impact. As in many other studies [4] - [6] , the results suggest indirect benefits for older children, in addition to the children who were targeted for vaccination. Patel MM et al. described that indirect benefits were noted in the first or the second year after vaccine introduction, while only infants were eligible to receive vaccination, potentially implicating infants as the primary transmitters of infection [6] . In spite of consistent reduction after RV vaccine introduction, relative increases in the incidence rates of AGE, severe AGE, and severe RVGE were seen in 2013, the second season after vaccine introduction. Biennial epidemic peaks after RV vaccine introduction were also observed in some other studies [6] [16] . The biennial pattern was explained by accumulation of unimmunized susceptible children during seasons with low rotavirus activity and the higher number of susceptible children to facilitate transmission during a subsequent season [6] [16].
The occurrence of severe RVGE among severe AGE decreased in 2012 but did not in 2013 and 2014. We consider that a substantial proportion of AGE patients less than 3 years old who require intravenous rehydration therapy are RVGE patients during epidemic months in outpatient settings. The reduction of occurrence in 2012 might be influenced by AGE epidemic of other pathogens such as noro virus.
A major limitation of this study was that we had only one season of observation data as a reference. However, although there was year-to-year variation in numbers of severe RVGE and severe AGE after RV vaccine introduction, consistent reduction in the occurrence and incidence rates of severe RVGE was observed in the three seasons after RV vaccine introduction. It may be reasonable to consider that the reduction is due to RV vaccine impact.
Another limitation is that the study was conducted under circumstances in which the vaccine coverage rates were not sufficiently high. There are some studies reporting vaccine impact under relatively low vaccine coverage rates [11] [13] [17]- [20] . Zeller reported 35% reduction in the RV-positive rate among hospitalized patients aged less than 5 years at a university hospital in Belgium when the vaccine coverage rate was estimated as 65% [11] . A study in Germany, where the vaccine was introduced in 2006 but not incorporated into the national immunization program as of 2012, evaluated the rates of RVGE hospitalization in the eastern region with high vaccination coverage and in the western region with low vaccination coverage. The results suggested the rates of RVGE hospitalization of infants from 6 to 11 months of age would be reduced by 42% when the vaccination coverage rates increase to 50% [19] .
In Shibata City, the incidence rates of severe RVGE among outpatients younger than 3 years of age were reduced by 71.2% in 2012, 47.7% in 2013, and 81.1% in 2014. Estimated vaccine coverage rates were 32.5%, 40.5%, and 47.1% as of the end of May in 2012, 2013, and 2014. There were no direct associations observed between the vaccine coverage rates and the reduction rates of severe RVGE. We assume that the vaccine may be effective for the prevention of severe RVGE even under these moderate vaccination rates in Japan, and that the year-to-year variation may be explained by the biennial epidemic pattern.
Conclusion
Reductions were observed in the occurrence of severe RVGE among all AGE and in the incidence rates of severe RVGE in three consecutive seasons after introduction of RV vaccine, compared to that in 2011, before introduction of RV vaccines in primary care outpatient settings. These results suggest that RV vaccination may be effective for the prevention of severe RVGE. It is expected that the reducing effect on severe RVGE would be persistently established by increasing the vaccine coverage rates.
